Mast cells are present in high numbers in the border-zones of the multiple sclerosis-plaques. They are located in small clusters along capillaries and venules, and they are more abundant in females than in men. Mast cells can be stimulated to release specific mediators such as histamine, resulting in oedema formation, as well as proteases that may cause demyelination, by several different activation mechanisms. We hypothesize that a putative mast cell activation may be induced by diet factor(s) as well as long lasting mental stress that may lead to the release of catestatin, as well as ACTH released from the pituitary gland. Given a natural flux of mast cell recovery and activation, a putative phenomenon of massive release of mediators and "silent" reload periods may explain the relapsing-remitting phases of multiple sclerosis.
Introduction
Multiple sclerosis (MS) is an inflammatory demyelinating disease of the central nervous system (CNS). Numerous hypotheses related to the cause of MS have been suggested over the years. As yet, no published hypothesis explains all the satisfactory elements related to disease progression. It has been suggested that allergic factors contribute to the origin of MS lesions [1] and magnetic resonance imaging (MRI) has revealed a dynamic process locally in the white matter caused by repeated blood-brain barrier damage with subsequent oedema [2] . In Norway, the incidence of MS is lower in the far north compared to the south west [3] [4] and it is also lower in coastal fishing communities compared to agricultural areas [5] . A positive correlation between animal fat, milk and oat intake and risk of MS [6] - [14] , supports the notion of a relationship between MS and diet intake. It has also been suggested that MS may be a rare sequel to a childhood infection, more precisely, at or shortly after puberty [15] , which only becomes manifested after a long latency period [16] - [21] . Most of these reports are re-lated to measles. Death from MS does not appear to be more common than expected among nurses and doctors than in the general population [22] which indicates that MS in itself is not infectious.
Mast Cells
Mast cells were initially observed as granular cells in the mesenterium of the frog, and were named plasma cells by Waldeyer [23] . Ehrlich [24] discovered that these plasma cells contained metachromatically stainable granules and named them "Mastzellen", "over nourished cells" (Mästung). The mast cells and blood basophils both have their origin in the bone marrow, but represent two separate lines of development [25] . The mast cell may display phagocytic function [26] , and induce MHC Class II expression [27] that has led to the question: are the mast cells of monocytic origin? The mast cells express two different (some recognize three) phenotypes: connective tissue mast cells ("thymic independent") with the granular proteases chymase and tryptase, and mucosal mast cells ("thymic dependent") [28] with tryptase as the granule protease. In addition to the proteases, the secretory granules contain several other preformed secretory products among which are histamine and heparin. All these mediators may be released at various degrees and time-sequences from stimulated mast cells. Other mediators may be produced and released by activation of specific receptors such as leukotrienes and cytokines. Connective tissue mast cells may produce significant levels of interleukin-1 which facilitates lymphocyte infiltration [29] (an important observation seen in MS).The different mast cell phenotypes may react differently upon stimulation. For instance, Neurotensin may stimulate mast cells from rat pleural areas, but not mast cells from the peritoneal cavity [30] . Connective tissue mast cells may be stimulated by substance-P and morfine whereas mast cells from the heart may not be stimulated by substance-P [31] [32] . This indicates that the various mast cell phenotypes can have various biological and pathological functions in different tissues. Generally, after stimulation and mediator release, the mast cells survive and the secretory granules are restored [33] .
Mast Cells and MS
In the normal and unaffected human brain mast cells are present only in area postrema, infundibulum and the pineal organ (and their surrounding leptomeninges) as well as in the choroid plexus, but not elsewhere in the brain and spinal chord [34] . In MS mast cells were originally observed by Neumann in 1890 [35] and confirmed by others to be in close contact to MS-plaques [36] - [40] . Yet many scientists focusing on MS conclude that the numbers are too low to be of any significance in relation to MS. However; reconstruction of some venules positioned in close vicinity to the MS-plaques (Figure 1 : reconstruction and examples of mast cell locations) reveals that the mast cells are organized is small clusters along blood vessels [41] and that their numbers are approximately 10 times higher than earlier estimated. In addition, the numbers of mast cells in the border zones (defined as a zone 1 mm around the actual plaque) of females is twice as high as in males [42] , (p < 0.005). This observation is of interest based on the fact that females are more susceptible to developing MS compared to males [43] . A strong association between mast cells and MS is further strengthened by the fact that elevated mast cell tryptase is observed in the cerebrospinal fluid of MS patients [44] . Moreover, it is known that mast cell tryptase may dissolve the proteins of the myelin sheaths [45] .
Activation of Mast Cells, as Possible Cause(s) of MS
The most well-known activation of mast cells is by specific antigens triggering sensitized mast cells. Some decades ago MS was low in coastal areas of Norway [46] , and, as discussed elsewhere [47] , the recent change in nutritional habits may explain why MS is now just as common in coastal as in inland communities. Thus; some unknown metabolic factors from nutrition may represent potent candidates as stimulators of the perivascular mast cells in the brains of MS-patients. However; other biological and socio-cultural factors may also play a role. For instance, ACTH [48] as well as Catestatin (a domaine within chromogranin-A-a secretory protein which is co-stored and co-released with neurotransmitters and peptide hormones in the diffuse neuroendocrine system) [49] are potent stimulators of mast cells. These factors may be released by mental stress leading to mast cell stimulation [50] . In summary, mast cells are located along venules in border-zones of MS-plaques, and more mast cells are observed around plaques in females compared to men. Mast cells do also release histamine and protease(s) upon stimulation. Histamine opens up venules that may lead to oedema, and mast cell proteases can dissolves myelin sheaths leading to demyelination. Mast cells may recover after depletion of their granule contents which may explain the relapsing remitting periods that characterize the disease.
Suggestions
The remarkable shift in incidence of MS in Norway being more common in inland than at the coast, and now also becoming a coastal phenomenon as well, indicates that the mast cell stimulating factor (s) have socio-cultural component. Probably a shift in nutritional habits, and even effects from these habits transferred epigenetically over generations may play a role. Other factors, however, cannot be excluded. Long lasting mental stress may play a role. Also phthalates emanating from common plastic wrappings introduced during the last 50 -70 years may play a role. For instance, phthalates may have different, though often overlapping health effects [51] , yet they have been shown to potentiate antibody-induced release from mast cells [52] . The common nature of MS: relapsing-remitting phases, may be explained by the release of histamine and proteases after a massive stimulation of the brain mast cells that can lead to oedema formation and demyelination characterised by the relapsing phase. In contrast the remitting phase occurs when the mast cells reload the stores of histamine and protease(s) which takes several weeks. A validity test for the influence of mast cells in MS would be applied in mast cells blockers in addition to antihistamins (that passes blood-brain-barrier): do the frequences of oedemas decrease?
